The use of herbal substances was an element of everyday medicine until the advent of synthetic medicines from the late 19th Century onwards. Medicinal chests were used as teaching and examination tools for apothecaries and pharmacists. The contents of two 19th Century materia medica chests that are owned by the Worshipful Society of Apothecaries in London (LSA) were analysed and compared with written texts from the time in order to understand botanical drug knowledge in 19th Century Britain. The samples in the chests and any associated information was documented and analysed.
Introduction
The 19 th Century saw dramatic changes in health care, including medicine and pharmacy.
During the century, apothecaries, and druggists/chemists were professionalised. Physicians, surgeons and midwives also consolidated their positions in society. Knowledge of the chemical constituents of plant medicines and the use of chemically defined medicines increased as professionals sought to improve their treatment of patients, while distancing themselves from unqualified 'quacks'. This professionalization also led to less emphasis on domestic self-care, and popular domestic health guides started to recommend that health practitioners should be involved in determining treatment (Griggs, 1997; Heinrich et al, 2018) .
The popularity of domestic self-medication in the 18 th Century led to the production of medicine chests to be used at home or at sea. These were usually produced and sold by chemists/druggists and apothecaries and many examples of these can be found in museums today (Crellin, 1979) . Crellin has argued that these medicine chests reflect the orthodox medicine of the time, as authors of guides contained within them were often physicians. Other chests include those of physicians and academics that were compiled for educational training purposes or as a collection of curiosities, such as three materia medica chests found at Cambridge University (Saville Peck, 1953) .
Two materia medica chests, which are part of an archive of artefacts, books and records at the Worshipful Society of Apothecaries London (LSA), form the basis of this study. The LSA is a livery company in the City of London founded by Royal Charter in 1617 to support and protect the rights of apothecaries (Hunting, 2004) . The increased rights of apothecaries to both attend to patients and dispense medicines led to them becoming what we know as modern-day general practitioners.
Botanical drugs comprised the great majority of drugs used in 19 th Century Britain. The botanical contents of these chests are therefore relevant to understanding the practice of medicine at that time. They also form a useful dataset in considering the long-term history of herbal medicines, from antiquity to the current day. The types of conditions that were known about and/or treated in the 19 th Century will be reflected in the drugs available at the time and what they were used for. Despite changes during the 19 th century, by its end, botanical drugs (defined as medicines produced from plants or plant parts) still comprised the vast majority of medicines.
The objective of this study is to assess whether the botanical drugs in the chests reflect medical publications at the time and whether there were differences between drugs used by different professional groups, as indicated by the contents of the chests.
Background: Historical texts and physical archives in ethnopharmacology
By the 19 th Century, in addition to the official pharmacopoeias, there were many texts on materia medica and medicinal botany (e.g., Bell, 1815; Pereira, 1854; Flückiger, 1879) .
Historical texts allow the changing views and knowledge of medicinal plants to be traced through time. Additionally, the influence of those texts on medicinal plant use can be determined, including the influence of historical plant use on contemporary plant use by comparison (Heinrich et al, 2006; Leonti, 2011) .
Monitoring the mention of different plant medicines and their uses over time allows a detailed picture to be built up of changing beliefs and knowledge about them. Today we trace the history of the healthcare professions in the UK through the changes in legislation that enabled the members of different professional groups to practice. Researching the varied use of botanical medicines by these groups may enable greater insight into the practical differences between what each profession was doing on a day to day basis and what this reflects about the scientific paradigm and culture of the period.
Historical artefacts such as materia medica chests complement written material, as the physical presence of plant samples enables plant identity to be checked and clarifies the plant part used. Leonti et al (2010: p.382 ) discuss this with reference to archeobotanical findings of carbonised vegetables and fruit following the eruption of Mount Vesuvius: "findings like these impart a physical component to historical texts, providing solid evidence of the historic presence of the described species". Brand et al (2017: p.210 ) agree that materia medica collections can "provide valuable material evidence that complements literature-based research".
The medicine chests
The first materia medica chest described here was used as a training tool for the major examination required by the Pharmaceutical Society for all members who wished to practice as a pharmaceutical chemist. This examination required knowledge of the entire British pharmacopoeia, in addition to an extra list of medicinal plants (Hudson & Boylan, 2013) . The major examination materia medica chest at the Society of Apothecaries does not represent the full range of materials of which examinees would need knowledge. The pharmacists' chest is a small box, approximately 37.5cm x 27cm x 10cm in size. It is not known when the case was acquired by the LSA.
The medicines are neatly organised with between one and three samples in each small compartment (Figures 1-3) . The botanical drugs are found as whole or cut roots, leaves, flowers, bark, seeds or lumps of resinous material, depending on the medicine. There are chemical powders and some liquid medicines stored in small stoppered tubes. For each sample, either the sample itself or the compartment is numbered and these correspond to a key printed on wooden dividers of the three trays that stack within the chest. The key is labelled with a common usage name, scientific botanical name and the country the sample was from ( Figure   4 ).
The second chest was given to the Society in 1935 by Dr Cyril Herbert Thomas Ilot (member of the Court of Assistants), the great-great-grandson of an apothecary. The apothecaries chest is a large cabinet (152cm x 58cm x 64cm) situated on the landing at the LSA. To study the contents, drawers needed to be removed one at a time and taken to the archive room. The apothecaries' cabinet was in need of restoration and great care had to be taken when removing the drawers not to damage it further, with one of the drawers impossible to take out. There are 18 large drawers (approximately 45cm x 50cm x 5cm) each separated into 24 to 28 different compartments that contain plant material, chemical powders or other drugs. Not every compartment has a unique sample in it, with some of the drawers containing smaller material (such as seeds, leaves or flowers) having the samples mixed up and spread throughout each compartment. Each drawer has written on the edge "subscribers are particularly requested not to injure the specimens". Some drawers have index cards in the compartments listing the materials that were or still are present (see Figure 5 for an example). There are also six notebooks (with W.C. Barnes Chemist printed on the front) listing the names, uses, and official preparations of a number of the samples (see Figure 6 for an example). The list of herbs present in this chest was compiled mainly from the index cards and notebooks. Some of the samples could be identified from their morphology, however, this name was usually confirmed by the presence of a notebook or index card entry. Each of the compartments was labelled with a number. Some of the labels stated "hall no. …" This indicates that its use was for those studying for the LSA exam, as this exam was also known as the "Hall exam" (personal correspondence with Nicholas Wood, July 2016). An advertising leaflet printed by the Hall of Apothecaries promoting "Iodex" iodine ointment for joints and "neuro-phosphates" for menopause had a handwritten note on the front claiming "from which this materia medica chest came -when replaced by cause often came for teaching purposes", further supporting the likely use of the chest by trainee apothecaries. There were a number of business cards for physicians found in the chest, in addition to a blank invitation from W.C. Barnes for attendance to view the specimens ( Figure 7 ).
Due to the mixing up of samples in the apothecaries' cabinet, the one inaccessible drawer and the lack of labels for every sample, it was impossible in the time available to identify each sample positively. An estimated 25% of botanical drug samples present were not included in the analysis, producing an incomplete set of data for comparison with the pharmacists' chest.
The medicines in the apothecaries' chest consist of much larger samples than in the pharmacists' chest, as the drawers and compartments within the drawers are considerably bigger . Each drawer tends to have similar plant parts or preparations grouped together, for example, there is one drawer that only contains sections of wood or bark. Some samples appear repeatedly in a few different compartments and even in different drawers. This may be due to material moving in transit, getting mixed up during use or having a repeated appearance due to an arranged order to the drawers that is not currently apparent. The notebooks and index cards that were found in some of the drawers correspond to some but not all the samples, and not all notebook entries could be matched up to samples.
In the context of this project, botanical drug is defined as the sample provided in the chest in whatever form it is found. In the most part this is raw, dried plant material, however, there were some dried extractions present in the chests in stoppered tubes or wrapped in paper.
Dating of the chests
The apothecaries' chest was likely to be in use between 1815, when the LSA exam was started and at least 1891, as there is a sample wrapped in a letter from the Royal Microscopical Society from 1891. The hall exams stopped being held in 1858 when the GMC took over responsibility for examining the medical professions, however, the chest appears to still have been in use after that point. The chest contains a business card for a G.F. Collier, MD ( Figure 11 ) of the Royal College of Physicians. The Society of Apothecaries members' records show that he passed his LSA exam in 1819 and became a member of the Royal College of Physicians in 1831, so the card was placed in the chest after 1831, further evidence of active use of the chest.
The pharmacists' chest was likely to be in use between 1852, when the major examination became compulsory to become a Pharmaceutical Chemist, and sometime from 1908 to 1911, when the Pharmacy Act, followed by the National Insurance Act, required the development of a compulsory syllabus for pharmacist training and a new examination (Earles, 2005) . The Pharmaceutical Journal published examples of exam papers from 1898 onwards, and in 1899 an article spelled out that applicants should be able to recognise specimens and describe where they were from, how they were used, collected and prepared for market. They also needed to know the chief constituents of the plants and understand qualitative tests (Hudson & Boylan, 2013) .
Methods
Lists of the specimens present in each chest were compiled using the labels on the keys for each compartment in the pharmacists' chest and a combination of visual identification where obvious, the index cards and notebook entries in the apothecaries' chest. When there were two separate botanical drug samples present from the same plant, i.e. a root and a resin, or seeds and bark, these were listed as one entry but both forms were included. Any non-plant derived samples, such as animal parts, insects and chemical powders were not considered in this analysis.
These lists of specimens were compared with each other to establish which samples were present in both chests and which were only contained in the apothecaries' chest. They were then compared with the drugs listed in the English translation of the London Pharmacopoeia from 1817 and the British Pharmacopoeia from 1898; two accepted sources for lists of drugs in use at the time of publication.
For each sample, the Latin binomial name provided in the key of the pharmacists' chest or the entry on the index card or notebook entry in the apothecaries' chest was taken as the most accurate description for the plant of origin. This was used to establish appropriate modern scientific taxonomic names for each sample. The Kew Gardens Medicinal Plant Names Service (MPNS) database was searched for the Latin binomial botanical names listed for each plant (apart from some cases in the apothecaries' chest, when there was only a common name provided) and the most likely one or two suggestions chosen. In the event that there was no clear choice, but one of the suggested plant names was listed as a medicinal species and others were not, the medicinal one was chosen. The scientific name suggested by the MPNS was also cross referenced with The Plant List (www.theplantlist.org) in cases where further information was required. Where there was only a common name provided in the chest, this was used to search the MPNS, or cross referenced with Grieve (1978) or Flückiger (1879) . Some examples of this process are described below.
For example, the word anchusa was written on paper wrapped round a sample of purple roots in the apothecaries' chest; this could be tentatively identified as either alkanet (Alkanna tinctoria (L.) Tausch., which is listed by Gray as having the scientific name Anchusa tinctoria and was also known by the common name "diers bugloss" (Woodville, 1810) or as garden bugloss (Anchusa officinalis L.) from the common name. Alkanna tinctoria (L.) Tausch. is the most likely option due to the roots of alkanet being purple (Woodville, 1810) .
Aloe socotrina, as labelled in the pharmacists' chest was not listed in either the MPNS or TPL, however, socotrine aloe was listed as a common name for Aloe perryi Baker, which is an aloe species used in Yemeni traditional medicine (Ali et al, 2001) ; this sample is listed as being from Socotra, which is today officially part of Yemen.
Catechu nigrum was listed without a scientific name, however, Flückiger suggests that either confirmed by a recent paper confirming that the same species produces East Indian and Alexandrian senna; however, the authors state that even when the same species is used, variations in geographical source can affect the chemical composition of the senna (Farag et al, 2015) .
Bdellium appears in MPNS as the genus of a synonym for a species with the modern Latin binomial Commiphora africana (A.Rich.) Engl. Searching for bdellium as a common name in MPNS resulted in the suggestions, Commiphora wightii (Arn.) Bhandari, Commiphora africana (A.Rich.) Engl. and Commiphora mukul (Hook. ex stocks) Engl. The last option was the only one that had common name listings of both bdellium and false myrrh and is a species used in modern day Ayurvedic traditional medicine. Gray (1824, p.185 ) lists bdellium or "myrrha imperfecta" as "exudes from a nondescript amyris, called by Adanson". Grieve (1978) discusses bdellium as an inferior myrrh that is a mixture of resins from several African Commiphora species including a perfumed bdellium also called habaghadi, which is mentioned by Flückiger (1879) as a variety of true myrrh. This indicates a complex picture and some disagreement from different sources, showing that definite assignment to a single species is not always possible
The botanical drugs present in the pharmacists' chest, but not found among those identified in the apothecaries' chest or either of the pharmacopoeias were also searched for in Steggall (1844), a guide to preparation for the Pharmaceutical Society exams.
RESULTS & DISCUSSION
The samples found in the pharmacists' chest have been preserved relatively well, as they are tightly packed in, without much movement possible. However, the leaves were often crumbling, with features such as ribs being hard to identify. This means that identification solely by morphological characteristics would be impossible in some cases. In the apothecaries' chest, large sections of wood, bark and roots were well preserved, as were many of the seeds with tough outer casings, however, as with the pharmacists' chest, many of the samples of leaves and flowers were disintegrating and difficult to identify. The written information in the apothecaries' chest was all handwritten and could sometimes be difficult to decipher.
Overall, there were 84 botanical drug samples in the pharmacists' chest (Table 1 ). There were 16 samples of botanical drug in the pharmacists' chest that were not found in those identified from the apothecaries' chest or either pharmacopoeia, and an additional 24 that were in the pharmacists' chest and one or both of the pharmacopoeias, but not in the apothecaries' chest.
Overall, there were 94 botanical drugs that could be identified in the apothecaries' chest (Table   2) , with some additional chemically derived, mineral-or animal-origin drugs that were not analysed. There were 19 botanical drugs listed or present in the apothecaries' chest that were not found in the pharmacists' chest or either pharmacopoeia; and an additional 30 that were in the apothecaries' chest and one or both of the pharmacopoeias, but not the pharmacists' chest.
There were 45 botanical drug samples that were found in both chests, although these were not always present in both pharmacopoeias. All identifications are tentative and require further and more detailed work Those botanical drugs in bold are also present in the apothecaries' chest.
Botanical drugs found in the chests
* -Indicates a botanical sample that was also present in the 1819 London Pharmacopoeia † -Indicates a botanical sample that was also present in the 1898 British Pharmacopoeia ** -As written in the pharmacists' chest key, including the question mark. This is listed as false rhubarb in the MPNS.
The presence in the pharmacists' chest and the simultaneous absence of bdellium, bael fruit, birthwort, catechu pallidum, chirata, carrageen, cusso, dragon's blood, grains of paradise, gum olibanum, matico leaves, nux areca, pareirae root, rheum and green hellebore from the pharmacopoeias indicates that these were of specific interest to pharmacists; either chemically or due to unique properties other than as medicines. Chrondus crispus, dragon's blood, grains of paradise and gum olibanum may have been used as flavourings and to improve formulations of compound mixtures. The presence of plant samples in the materia medica chests does not necessarily indicate that they were used as botanical drugs by pharmaceutical chemists or apothecaries. It is possible that some samples were there to ensure that exam candidates were able to identify easily confused species. The role of the pharmaceutical chemist was to sell drugs to the public and to dispense for physicians. As the key link between supplier and consumer, it was essential that they could identify correct species and high-quality medicines.
For example, bdellium (false myrrh) may have been present to ensure its differentiation from true myrrh; Chondrus crispus may have been present as a comparison with other Lichen species such as Lichen islandicus; Rheum rhaponticum may have been present to compare with other rhubarb species and Veratrum viridis may have been present due to potential confusions with Veratrum lobelianum or 'hellebore' roots used at the time. Hence, the presence of these samples in the pharmacists' chest but not the pharmacopoeias used generally by all medical professionals possibly indicates a greater focus on knowledge of potential adulterations in raw botanical drugs for pharmaceutical chemists than apothecaries and physicians.
Cusso, nux areca, pareirae root, rheum and veratri viridis root are all strong purgatives, while birthwort and other Aristolochia species are now known to cause renal toxicity. Aristolochia serpentaria has been described as a diaphoretic and diuretic stimulating tonic that caused nausea and vomiting if taken in excess and was of use in typhus and intermittent fevers (Steggall, 1852) . Pareirae root was said to be tonic, aperient and diuretic and given in calculous diseases, ulceration of the kidneys and bladder, leucorrhoea, dropsy, rheumatism and jaundice (Steggall, 1852) . Rheum rhaponticum and other rhubarbs are tonic, stomachic and astringent in small doses, but purgative in larger ones (Steggall, 1852) .
The majority of these remedies in the pharmacists' chest but not the pharmacopoeias were used
for digestive complaints or as purgatives (three remedies were listed as purgative, one as a violent vermifuge, one for tapeworm and three for dysentery or diarrhoea). In addition to providing information about the types of problems that people sought assistance for, this can provide some insight into the types of medicines being provided by pharmacists specifically. (Russell, 2000) .
The presence of ladanum and orris root in the apothecaries' chest, but not either pharmacopoeia can be explained by their use in perfumery rather than medicine. Apothecaries may also have sold some non-medicinal items, such as the dyes listed above. Syrup of violets was used to distinguish between acids and alkalis (Raine, 1967) , indicating a potential non-medical use for violet flowers.
Excluding the samples that are primarily used for dyes or perfumery, all the botanical drugs exclusively found in the apothecaries' chest were used for their effects on digestion (whether for general digestive effects, diarrhoea, parasite infection or constipation) or for gentle tonic effects. In contrast to the drugs apparently exclusively present in the pharmacists' chest, only one of the above botanical drugs (cabbage bark) was used as an emetic or purgative (excluding orris root, which has a primary use in perfumery).
Additionally, 50% of the botanical drug samples in the apothecaries' chest were from plants commonly grown within or native to Europe, while only 33% of those in the pharmacists' chest were from Europe. This is not a completely accurate comparison, as we do not know where half of the samples in the apothecaries' chest were from due to incomplete data, but it does hint at more experimental drug use by pharmacists than apothecaries, reflecting the move by apothecaries from drug manufacturers to general practitioners by the latter half of the 19 th Century.
Botanical drugs that change in usage over the course of the 19 th Century
Only five botanical drugs appear to lose popularity during the course of the 19 th Century, as they are present in the apothecaries' chest and the 1817 pharmacopoeia, but not the pharmacists' chest and the 1898 pharmacopoeia (Table 3) . On the other hand, there are seven drugs not in use at the beginning of the century that gain in popularity by the latter part of the century; as shown by their absence or presence in the materia medica collections and pharmacopoeias. Overall, this indicates a stability of the botanical drugs used during the 19 th century.
There were a number of botanical drugs that were found in the apothecaries' chest and the 1898 pharmacopoeia, but not the pharmacists' chest. The absence of a drug that appears to have been in use at the time the chests were in use (due to its presence in pharmacopoeias or other written archives) indicates that either the chests are not a complete record of all botanical drugs in use at the time or (in the case of the apothecaries' chest) that not all of the botanical drugs present have been identified and further research is required to confirm the complete collection.
Conclusions
The close correspondence in the contents of the two materia medica chests and two 19 th Century pharmacopoeias suggests similar drug use across a variety of health professionals and over the course of the century. Some of the samples in the pharmacists' chest may have been present to enable students to learn to differentiate between drugs and their common adulterants, such as myrrh and bdellium (false myrrh Samples present only in the examination or apothecaries' chests and no other sources indicate botanical drugs or products specifically of use for the pharmacists or apothecaries and give some indication of specialism or a way of differentiating their practice from other medical groups, but may also reflect the specific interests of the people who compiled or owned the chest -the likely owner of the apothecaries' chest spent much of his professional life working in the chemical dye industry. This would differ from the generic domestic medicine chests that would be sold to the public by apothecaries, and druggists and chemists. The use of the examination and apothecaries' chests discussed in this study also differs from other medicine chests that have been analysed, such as a travelling medicine chest that belonged to physician Sir Stuart Threipland (Worling, 2013), as the ones analysed here were used for educational purposes rather than medical ones. Domestic and travelling medicine chests were more likely to contain a range of preparations and tinctures, rather than crude botanical drugs (Worling, 2013; Crellin, 1979) .
It was difficult to accurately identify all of the botanical drug samples present in the chests. A large proportion of the botanical drugs were imported from various parts of the world. This is likely to lead to high levels of misidentification and adulteration of botanical drugs coming from abroad; a problem which persists today (Bilia, 2014; Booker and Heinrich, 2016) . The accurate identification and proof of provenance of the plant material being imported would be dependent on those who were importing the material. Therefore, it would be of interest to confirm the species present using firstly classical pharmacognostical techniques combined with phytochemical methods and then DNA fingerprinting comparisons with authenticated samples.
This will enable a more accurate analysis of the drugs used and the provenance of the plants that they were obtained from.
Over the course of the 19 th Century botanical drugs were discovered and introduced to the This page is for opium, which was the most comprehensive entry. Included were common preparations, historical knowledge of the botanical drug, origins of the sample, known constituents and studies that had been carried out into effects.
Figure 7: Invitation card.
A card found in the apothecaries chest to be used to invite the holder to view specimens. The majority of the botanical drug samples in this drawer were seeds. Some of the index cards can be seen, as well as samples that have been stored wrapped in paper.
Figure 10: A drawer in the apothecaries' materia medica chest.
This drawer contains mainly bark, with galls, seed pods and resin.
Figure 11: A business card.
This card was found in one of the drawers of the apothecaries materia medica chest, indicating either a viewer or contributor to the chest.
